Objective: To determine the influence of obesity on neonatal outcomes of pregnancies resulting from assisted reproductive technology. Methods: Population-based retrospective cohort study of all non-anomalous, live births in Ohio from 2007 to 2011, comparing differences in the frequency of adverse neonatal outcomes of women who conceived with assisted reproductive technology versus spontaneously conceived pregnancies and stratified by obesity status. Primary outcome was a composite of neonatal morbidities defined as !1 of the following: neonatal death, Apgar score of 57 at 5 min, assisted ventilation, neonatal intensive care unit admission, or transport to a tertiary care facility.
Background
Obesity is a worldwide epidemic affecting more than one-third of US adults. It is associated with multiple medical co-morbidities including cardiovascular and diabetic conditions in addition to the reproductive challenges of menstrual irregularity, anovulation, and increased frequency of miscarriages. 1, 2 One in five pregnant women are obese and over 50% are overweight or obese. 3 Obesity has been associated with an increased risk in pregnancy complications including but not limited to gestational diabetes mellitus, preeclampsia, cesarean delivery, prematurity, stillbirth, congenital anomalies, macrosomia, and postoperative complications. 1, 3 Obese women are at a higher risk for infertility secondary to impaired ovarian function and poorer oocyte quality, menstrual irregularities, and metabolic alterations. 4, 5 Assisted reproductive technologies (ARTs) comprised 1.56% (n ¼ 61,610) of all US live born infants in 2011. 6 Of women who undergo ART, obese women more frequently require high levels of gonadotropins to achieve ovarian stimulation, experience longer periods of ovarian stimulation, and have higher cycle cancellation rates compared to non-obese women. 4, 5 While women who undergo ART are at higher risk for perinatal mortality, preterm delivery, congenital anomalies, multiple gestation, and low birth weight, there remains a paucity of literature focusing on pregnancy outcomes of obese women who undergo ART. 7, 8 With significant perinatal risks associated with both ART and obesity, the purpose of this study is to determine if the risks related to ART are influenced by obesity status. We hypothesize that obesity increases the risk for adverse perinatal outcomes above the background risk associated with ART.
Methods
Study approval was obtained from the Ohio Department of Health and Human Subjects Institutional Review Board (2013-05 A) and review exemption from the University of Cincinnati, Cincinnati, OH, USA. We conducted a population-based retrospective cohort study using the Ohio Department of Health's birth certificate database from 2007 through 2011 to compare birth outcomes of women who conceived through ART and women with spontaneous conception. Our analysis of 430,065 births (58.2% of total Ohio births) included all births with recorded information for the presence or absence of ART. Congenital anomalies, patients who delivered at less than 20 or greater than 42 weeks of gestation, and women with missing maternal height or pre-pregnancy weight data were excluded from analysis ( Figure 1 ).
The primary exposure of interest for this study was ART. The referent group comprised births conceived spontaneously, coded as ''no ART'' in the birth record. The exposure group was stratified into obese and non-obese women, based on pre-pregnancy body mass index (BMI). Obesity was defined as a BMI of !30 kg/m 2 , and non-obese was categorized as women with BMI530 kg/m 2 . ART status was assigned as recorded on the birth certificate (as yes or no), and BMI was calculated from the recorded pre-pregnancy weight and height.
The primary outcome was a composite of neonatal adverse outcomes which was defined as one or more of the following indicators of poor newborn health: Apgar score of 57 at the 5 min evaluation, assisted ventilation 46 h duration, neonatal intensive care unit (NICU) admission, neonatal transport to a tertiary care facility, or neonatal death. This study concentrated on neonatal morbidities that occurred in the immediate 24 to 48 h after delivery as all later neonatal outcomes would not be recorded on the birth certificate. Data for neonatal death, defined as a neonatal demise 528 days of life, were obtained through a separate comprehensive death certificate database that was linked to the birth certificate dataset. Secondary perinatal outcomes were as reported on linked birth-death certificate record, including gestational diabetes and hypertension, maternal admission to the intensive care unit (ICU), eclampsia, and blood transfusion. Gestational hypertension is defined as hypertension and/or preeclampsia that is diagnosed during the current pregnancy. 9 Statistical analysis was performed using STATA software (STATA, release 10; Stata-Corp, College Station, TX). Demographic characteristics were compared between women who conceived using ART versus spontaneous conception using student's t test for continuous variables and Chi square or Fisher's exact test for categorical variables. A stratified analysis was performed to evaluate the effect of obesity on adverse perinatal outcomes in women with and without ART. Multivariate logistic regression models were used to estimate the independent risk of ART on adverse neonatal outcome with adjustment for statistically significant and biologically plausible coexisting risk factors including maternal age, race, hypertension, diabetes, tobacco use, parity, multifetal gestation, mode of delivery, fetal growth restriction (FGR) defined as birthweight 510th percentile for week of gestation and preterm birth (PTB) (537 weeks of gestation). 10 Stepwise regression analyses of the composite adverse neonatal outcome were performed using multiple sequential models in order to determine the relative impact of each group of covariates on adjusted odds ratio (aOR) with 95% confidence interval (CI) estimates in both non-obese and obese ART groups. Comparisons with a probability value 50.05 or 95% CI without inclusion of the null were considered statistically significant.
Results
Women who received ART represented 2819 (0.7%) of all births included in this analysis (n ¼ 406,851) and were stratified into two groups based on obesity status. Of the births conceived with ART, 757 (0.2%) were to obese women and 2062 (0.5%) were non-obese. Spontaneously conceived pregnancies included 109,356 (26.8%) obese and 294,676 (72.4%) nonobese women. The dataset consisted of minimal missing information for primary outcomes of interest and covariates included in the adjusted analysis (55%). Additionally, 0.24% of records were missing data for maternal age, 1.0% for NICU admission and ventilator support, and 0.3% for neonatal transport to a tertiary care center.
The demographic characteristic differences by ART group are displayed in Table 1 . Spontaneously conceived pregnancies were more likely tobacco users and multiparous. Women who received ART were older and more likely to be Caucasian, to have a multifetal gestation (31% versus 3%, p50.001), and to experience PTB even with singleton pregnancies (12% versus 8%, p50.001) compared with the referent group. The rates of multifetal gestation were similar in both non-obese and obese ART groups (31.0% versus 31.3%, p ¼ 0.48).
Maternal complications and pregnancy outcome frequencies for spontaneous pregnancies and ART were compared and stratified by obesity status; summarized in Table 2 . No difference in BMI was found between women who received ART to those who conceived spontaneously within each weight strata (non-obese spontaneous conception 23.0 AE 3.0 kg/m 2 versus ART 23.1 AE 2.9 kg/m 2 , p ¼ 0.40; obese spontaneous conception 35.3 AE 5.6 kg/m 2 versus ART 35.1 AE 5.2 kg/m 2 , p ¼ 0.61). All women who received ART were more likely to develop gestational diabetes, hypertensive disorders, FGR, and to deliver preterm. ART pregnancies had increased frequencies of cesarean deliveries but obese women with ART had the highest rate of cesarean delivery compared to obese and non-obese spontaneous pregnancies (63% versus 41% and 26%, p50.001). Non-obese women who received ART had higher rates of maternal blood transfusions and admissions to the ICU compared to spontaneously conceived pregnancies.
The primary outcome of composite adverse neonatal morbidity was compared between women who received ART and the referent, spontaneous conception group, stratified by obesity status (Table 3) . Individual neonatal morbidity was highest for births to women who conceived with ART. The overall rate of composite neonatal morbidity was higher for ART groups, both non-obese (26%; 95% CI: 23.3-27.0%) and obese (27%; 95% CI: 23.8-30.1%) compared to the referent non-obese (8%; 95% CI: 8.1-8.3%; p50.001) and obese group (10%; 95% CI: 9.9-10.3%; p5.001).
Births following ART had significantly higher aOR for composite neonatal morbidity for both obese and non-obese pregnancies (see Table 4 ). The risk of adverse neonatal outcome was increased similarly by 34% in non-obese and 33% in obese women who underwent ART, aOR 1.34 (95% CI: 1.18-1.51) and 1.33 (95% CI: 1.11-1.59), despite adjustment for age, race, multifetal gestation, tobacco use, parity, diabetes, hypertension, FGR, and route of delivery. All of the included covariates had a statistically significant contribution within the regression model with p 0.001 except diabetes, hypertension, and FGR in obese women and FGR in non-obese women with ART. The difference in risk of composite neonatal morbidity with ART did not differ significantly when compared between the obese and non-obese ART groups, p ¼ 0.435.
Gestational age at delivery and multifetal gestation were the most influential factors contributing to the risk of adverse neonatal outcome associated with ART. The fully adjusted risk for composite adverse neonatal outcome became non-significant for women who conceived with ART after the addition of PTB to the multivariate logistic regression model; aOR: 1.06 (95% CI: 0.86-1.31) obese and aOR: 1.15 (95% CI: 1.00-1.32) non-obese women.
Discussion
Our study demonstrates that obese women who conceive with ART have an increased risk of adverse perinatal outcomes similar to nonobese ART pregnancies. The results support the null hypothesis as the Hypertension and/or preeclampsia diagnosed in the current pregnancy.
degree of adverse neonatal outcomes attributable to ART does not appear to be altered by the presence of obesity, despite the higher frequency of gestational co-morbidities observed in obese women. The main influence on adverse neonatal outcome risk with ART, regardless of obesity status, appears to be related primarily to the higher frequency of PTB in women undergoing ART.
In previous studies, women who received ART were more likely to be Caucasian, older, develop gestational hypertension and diabetes, deliver preterm, and via cesarean method. 7, [11] [12] [13] A large population study from Florida compared PTB rates between classifications of BMI categories in only women who had assisted conception and found the highest risk for early PTB in underweight women with no difference between BMI categories for late PTB. 7 Our study is consistent in that obesity does not modify the risks for PTB in women who achieve pregnancy after ART. However, our study is unique because we quantify the risk attributable to ART by comparison to a non-ART referent group and then further analyze the influence of obesity to both ART and non-ART groups. The frequencies of gestational hypertension and diabetes were higher in ART pregnancies, with rates twice as high in the obese ART group compared to the nonobese ART group.
The major strength of this study is that it addresses two important areas in reproductive health; ART and obesity. This study compared ART perinatal risks to spontaneously conceived pregnancies and stratified the analysis by obesity status, which has its own independent pregnancy risks. Previous studies that have addressed the risks of obesity with ART have focused on implantation, live birth rates, spontaneous miscarriages, effects of weight loss, and factors related to the ART process. [13] [14] [15] Our study aimed to identify pregnancy and neonatal risks of ART and the effect of obesity on these risks as maternal and neonatal health are important outcomes of interest for all women. The large sample size allowed for comparison of our primary outcome by assisted conception and stratification by obesity status. The inclusion of pregnancies within Ohio over a five-year period represents a population-based sample including various levels of obstetric acuity, different fertility and obstetric practice styles, and wide demographic diversity.
There are several limitations to this study most inherently to vital statistics research: quality data collection and entry, variable content available for analysis, and ascertainment bias of various outcomes. The demographic and outcome variables chosen for this study are common components described in the neonatal and maternal prenatal and hospital admission record, therefore, more likely representing higher quality and consistency between the chart and birth certificate. 16 The components of the primary composite outcome have minimal missing data in the dataset and are clearly defined, expecting greater coding and entry accuracy. Analyzing the neonatal morbidities as a composite helps minimize under-reporting of individual outcomes and also represents morbidities with significant impact. ART and obesity have been associated with an increased risk for congenital anomalies which we have excluded in this study, under-representing complications that may occur more frequently in these populations. Long-term childhood outcomes or perinatal outcomes specific to particular ART techniques and cycle data cannot be differentiated from birth certificate data.
In Ohio vital statistics, ART is defined as ''Assisted reproductive technology (e.g. in vitro fertilization, gamete intrafallopian transfer) -if yes check box'' which represents a more heterogeneous group of women with potential confounders that cannot be accounted for in this study but can be generalized to all women who receive fertility assistance. 9 The documented prevalence of ART in our Ohio birth cohort (0.7%) is lower than the reported national prevalence (1.56%). 6 Excluding women who had ART but had missing data on the birth record from this analysis likely resulted in a smaller sample size in the exposure group. Lynch et al. 18 studied birth certificates as a means of identifying births from assisted conception. We suspect differential under-reporting (i.e. missing data) of both the presence and absence of ART exposure in Ohio birth certificates, influencing the calculated population prevalence, but those coded as ART and those coded with no ART are likely accurately reported. 17 They reported high specificity between maternal and birth certificate reporting of infertility treatment. 18 The most common error documentation was the type of fertility drug used, which was not included in our study. Roohan et al. 19 described 80% sensitivity and 100% specificity of ART reporting in New York birth certificates in comparison to medical records. Therefore, despite the smaller exposure group than would be representative of the true population we suspect our risk estimates are accurate in effect size but may have wider confidence intervals than if measured in prospectively collected data.
ART is significantly associated with adverse neonatal outcomes including neonatal death and NICU admission which has been reported in the literature, but these associations appear to be mostly explained by increased rates of PTB and our study suggests that obesity alone does not alter these adverse perinatal outcomes. 11, 20 Prior reports have acknowledged higher rates of elective cesarean deliveries and induced labor in ART pregnancies, which can contribute to higher rates of PTB over and above the independent influence of ART on PTB risk. 11, 20 It is difficult to achieve significant numbers in prospective trials of cohorts of obese women undergoing ART and these are currently lacking in the literature. As the proportions of obese and ART populations in obstetrics increase, prospective analysis of outcomes will be essential as the benefits of delaying pregnancy for weight loss versus the challenges of advancing age with fertility and perinatal outcomes are a difficult balance and do not appear to improve outcome. Future studies to characterize the role of weight gain and inflammatory markers with adverse outcomes in this population are warranted to further understand the effects on fetal programming and health. This study provides important information to provide informed counseling to obese mothers who desire assisted conception and to educate clinicians who provide preconception and perinatal care to this growing group of high-risk women.
